Retention of oxidized glutathione by isolated rat liver mitochondria during hydroperoxide treatment.
The addition of tert-butyl hydroperoxide (t-BuOOH) to isolated mitochondria resulted in oxidation of approximately 80% of the mitochondrial reduced glutathione (GSH) independently of the dose of t-BuOOH (1-5 mM). Concomitant with the oxidation of GSH inside the mitochondria was the formation of GSH-protein mixed disulfides (protein-SSG), with approximately 1% of the mitochondrial protein thiols involved. A dose-dependent rate of GSH recovery was observed, via the reduction of oxidized GSH (GSSG) and a slower reduction of protein-SSG. Although t-BuOOH administration affected the respiratory control ratio, the mitochondria remained coupled and loss of the matrix enzyme, citrate synthase, was not increased over the control and was less than 3% over 60 min. A slow loss of GSH out of the coupled non-treated mitochondria was not increased by t-BuOOH treatment, in fact, a dose-dependent drop of GSH levels occurred in the medium. However, no GSSG was found outside the mitochondria, indicating the necessary involvement of enzymes in the t-BuOOH-induced conversion of GSH to GSSG. The absence of GSSG in the medium also suggests that, unlike the plasma membrane, the mitochondrial membranes do not have the ability to export GSSG as a response to oxidative stress. Our results demonstrate the inability of mitochondria to export GSSG during oxidative stress and may explain the protective role of mitochondrial GSH in cytotoxicity.